Abstract. Hyperplasia of mammary glands (HMG) is also termed mammary dysplasia. In China, the number of patients suffering from breast hyperplasia is increasing annually. MicroRNAs (miRNAs; length, 19-24 nucleotides), a group of small endogenous non-coding RNAs, post-transcriptionally regulate gene expression via RNA interference and gene silencing pathways. The cause of disease of HMG because remains unclear. Thus, the aim of the present study was to establish comprehensive profile of drug treatments following at different time intervals on rat models of differentially expressed miRNAs, using miRNA microarray data. After scanning the chip, 13 up-regulated and 20 down-regulated miRNAs were identified. MiR-31 and miR-30 exhibited different expression levels between rats exhibiting mammary gland hyperplasia treated with or without Jiedu Capsule water solution once a day for 4 weeks, and the two demonstrated a strong association with HMG and breast cancer. Therefore, the functions of these miRNAs may provide the basis for further investigation of HMG.
Introduction
Hyperplasia of mammary gland (HMG) is also termed mammary dysplasia. It does not involve inflammation or tumor proliferative lesions. It is a disease characterized by basic pathological changes in breast acinar and ductal epithelial cells, as well as fibrous connective tissue hyperplasia. The peak age of breast hyperplasia is 35-45 years (1) . Mammary gland hyperplasia is a common disease in women of child-bearing period, accounting for 75% of all breast diseases, is considered to be precancerous lesions of the breast. In China, HMG is increasing annually and regarded as a precancerous lesion, which causes widespread concern. According to modern medicine, breast tissue is the subject organ of a variety of hormone actions. The physiological function of the breast tissue is controlled by the hypothalamic pituitary ovary axis. Increased sensitivity of any hormone, or breast tissue to hormones, is the primary cause of breast hyperplasia (2) .
MicroRNA (miRNA) is a class of non-encoding RNA (length, ~22 nt), which regulates gene expression at the post-transcriptional level (3) . After the stem loop structure of precursor miRNA is spliced by two RNase III enzymes, Drosha and Dicer, the mature functional miRNA is formed (4). The mature miRNAs are incorporated into protein-coding transcripts and represses the transcript translation or degrades the mRNA in mammals (5) . Consequently, this regulates various biological processes, including development, reproduction, apoptosis, proliferation, pathogenesis, and lipometabolism (6, 7) . Thus, the abnormal expression of miRNAs may cause various diseases, such as cardiac disease and cancer (8) . A strong association between miRNA and breast cancer has been reported in the literature. However, in reviewing the literature, little data was identified regarding the association between HMG and miRNAs. The aim of the present study was to use a microRNA array to analyze the role of microRNAs in rats exhibiting hyperplasia of the mammary glands.
Materials and methods
Sample preparation. A total of six Sprague Dawley specific pathogen-free female rats (weight, ~240 g; age, 12 weeks) that were not pregnant were used in the present study. The rats were obtained from Beijing HFK Bio-science Co. Ltd. (Beijing, China) and reared in the animal center of Liaoning University of Traditional Chinese Medicine (Shenyang, China). The rats were housed at 21-25˚C and 35-50% humidity under a 12-h light/dark cycle and were provided feed and sterilized water in a 1:2 ratio twice a day. All animals were fed with a standard laboratory diet and tap water was provided ad libitum. The animals were placed in the experimental room 24 h before behavioral testing for acclimatization. ) . Briefly, fluorescent targets were prepared from 2.5 µg total RNA using the miRNA ULS Labeling kit (Kreatech Diagnostics, Amsterdam, The Netherlands). Labeled miRNA targets were enriched using NanoSep 100K (Pall Corporation, Port Washington, NY, USA), enriched products were hybridized to the Mouse & Rat miRNA One Array v3 in Phalanx hybridization buffer using the One Array Hybridization Chamber, and hybridized overnight at 37˚C, non-specifically bound targets were removed by three washing steps (first wash, at 37˚C for 5min; second wash, at 37˚C for 5min and at 25˚C for 5 min; and third wash included 20 rinses at 37˚C). Then, the slides were dried and scanned using an Axon 4000B scanner (Molecular Devices, LLC, Sunnyvale, CA, USA).
Multiple sample analyses were conducted, including normalization, data adjustment, analysis of variance and clustering. The fluorescence signal intensity of Cy5 of each point was analyzed by GenePix 4.1 software (Molecular Devices, LLC) and processed using the R program. The data were initially analyzed by subtracting the background, and then spots for which the flag was <0 were filtered out, and spots that passed these criteria were normalized using a 75% media scaling normalization method. Normalized spot intensities were converted into gene expression log2 ratios for the MA and GA groups. Spots with log2 ratios ≤-1 or ≥1 and P<0.05 were selected for further analysis. The differential expression was analyzed using average linkage algorithm to cluster and Pearson correlation as a measure of similarity.
Results
Upregulated miRNA targets in microarray analysis. In order to investigate the difference of gene expression between the GA and MA groups, the differences in the distribution of all detected gene probe signals were statistically analyzed. The screening conditions of differentially expressed genes are log2 fold-change ≥0.585 and P<0.05 (9) . The results of the miRNA microarray (Fig. 1 ) indicated 13 upregulated miRNAs (rno-let-7b-5p, rno-let-7c-5p, rno-miR-31a-5p, rno-miR-297, rno-miR-466c-5p, rno-miR-30c-1-3p, rno-miR-672-5p, r no-m iR-125b-1-3p, r no-m iR-32-3p, r no-m iR-3588, rno-miR-466d, rno-miR-494-3p and rno-miR-6315) and 20 downregulated miRNAs (rno-miR-30c-2-3p, rno-miR-1-3p, rno-miR-292-5p, rno-miR-133a-3p, rno-miR-877, rno-miR-615, rno-miR-133b-3p, rno-miR-185-5p, rno-miR-135a-3p, rno-miR-678, rno-miR-711, rno-miR-296-5p, rno-miR-298-5p, rno-miR-326-5p, rno-miR-211-3p, rno-miR-290, rno-miR-3564, rno-miR-3573-5p, rno-miR-423-5p and rno-miR-652-5p) in the drug treatment group (GA).
Principal component analysis (PCA).
A PCA method (10, 11) was used to assess differences between the transcriptomes of rats treated with Jiedu Capsule and controls. PCA1 and PCA2
represented the top two dimensions of the genes exhibiting differential expression among the samples, which accounted for 93.41 and 3.21% of the differentially expressed genes, respectively (Fig. 2) .
Cluster analysis of differentially expressed genes.
Cluster analysis is a method of simplifying data by data modeling, the purpose is to obtain the distribution of data and the characteristics of each cluster, and the association between sample clusters is described by the distance index. An in-depth analysis of differentially expressed genes was conducted, which were identified with the criteria of P<0.05 and expression fold change >2.0. Unsupervised hierarchical clustering analysis was used to investigate the similarity of the whole gene expression between the experimental samples. Cluster analysis identified that all the six samples were clustered into two groups (Fig. 3) ; the 3 samples in the control group were clustered into one class while those in the treatment group were clustered into another class. This indicates that the trend of gene expression is consistent. Figure 3 . Hierarchical cluster analysis of differentially expressed circulating miRNAs of mice in the MA and GA groups (n=3 per group). All six samples were clustered according to MA or GA group origin, and 3 samples in each of the MA and GA groups were clustered into separate classes. MA1-3, control samples; GA3-5, treatment samples.
Discussion
Hyperplasia of the breast is a common disease in women aged 20-55 years and is associated with an increased risk of developing cancer. Breast cancer is the second most common type of cancer in women, and is an important cause of mortality in most frequent cancer of cancer-related of death worldwide and generates a large economic burden (12) . A previous study identified that women with atypical hyperplasia (AH) had a four-to five-fold increase in breast cancer risk (13) . Furthermore, a strong association between AH and breast cancer was identified (14) .
In the present study, miRNA microarray scanning was performed on the breast tissue of rats that had undergone drug treatment. It was identified that the expression levels of the 13 miRNAs in the GA and MA groups were markedly different; the expression levels of 13 miRNAs in group GA was greater than in group MA, and the expression levels of 20 miRNAs was significantly decreased in the GA group, and the difference was statistically significant.
The experimental results and numerous previous studies reported that miR-31 is over expressed in metastatic breast cancer (15) . Rasheed et al (16) and Valastyan et al (17) identified that the primary function of miR-31 promotes multiple oncogenic phenotypes, including proliferation, motility and invasion of cancer cells. Another notable finding was that manipulation of miR-31 expression levels may be used to modulate senescence-associated pathological conditions, such as cancer and the ageing process (18) . The current study demonstrated that the expression level of miR-31 in the GA group was significantly greater than in the MA group. By contrast, the expression level of miR-30 in the GA group was lower than that in the MA group. The current study indicated that breast cancer cells grown under non-attachment conditions display a unique pattern of miRNA expression, compared with the parental cells, as highlighted by a marked low expression of miR-30 family members. Ouzounova et al (19) showed that miR-30a regulates non-attachment growth. Furthermore, it was demonstrated that miR-30c may regulate the GATA binding protein 3 gene in breast cancer at the transcriptional level (20) .
Thus, certain genes found in the present study are in agreement with the existing studies. However, further studies are required to verify other miRNAs.
In conclusion, the present study identified the expression profile of circulating miRNAs in the model group and GA group. Following a scan of the chip, 13 upregulated and 20 downregulated miRNAs were identified, and the functions of these miRNAs were described. It was demonstrated that the expression levels of miRNAs are closely associated with biological processes, such as mammary gland development and cell proliferation. The present study provides a basis upon which to further investigate the molecular mechanism of HMG. However, there was no validation of the differentially expressed miRNAs, and future work is required to confirm their function. The results of the present study also suggested that hyperplasia of mammary glands occurs as a result of complex and dynamic processes regulated by numerous factors, including multiple miRNAs. Therefore, the functions and significance of the differentially expressed miRNAs identified in this study require further investigation. Future work should aim to functionally analyze miRNAs associated with hyperplasia of mammary glands and their corresponding target genes or gene regulatory networks, in an expanded sample size to further verify results.
